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Lanthlonlne-contalnlng antimicrobial compound 



The present invention generally relates to a lanthionine-contalning antimicrobial peptide 
obtainable from the culture medium of the bacterial strain Staphylococcus hyicus strain 664 
to a pharmaceutically acceptable acid addition salt thereof, and to a method of producing 
said peptide. The invention further relates to a pharmaceutical composition comprising the 
lanthlonine-containing antimicrobial peptide according to the invention, and to a method of 
producing said composition. The lanthlonine-containing peptide according to the invention 
or its acid addition salts can be used as a pharmaceutical agent, but especially as a 
therapeutic agent in the treatment or prevention of bovine mastitis (anti-mastitis drug). Teat 
dipping drugs are Included.. 

A large number of antimicrobial peptides exhibiting a broad activity spectrum Is described In 
the literature. Amongst these the lanthionine-contalning peptides represent an interesting 
group of antimicrobials because they exhibit a broad spectmm of activity against bacterial 
pathogens. Typical representatives are subtilin. cinamycin. nisin. duramycin, ancovenin. Ro 
09-0198. peps, gallidemiln and epidemiin. Some of these peptides are highly active against 
many bacteria including those causing bovine mastitis. Nisin for example is already used as 
a preservative In the food Industry and in cosmetic preparations. Peptide antimicrobial 
agents have the advantage that they are digested by the consumer and this may make 
them non-toxic to wami-blooded animaisi Accordingly, some of these peptide antimicrobial 
compounds have already been proposed for use in mastitis treatment, and any residues 
remaining in the milk should pose no risk to human healtfi. 

Mastitis is an inflammatoiy disease of the mammalian mammary gland. In veterinary 
medicine the most Important and the most frequently encountered mastitis is that of dairy 
cows. Dairy cattle are highly specialised for milk production. They produce much more milk 
than is needed to nourish a calf. This super production, and the convention of milking dairy 
cows 2 or at most 3 times during 24 hours, renders their mammary glands susceptible to 
bacterial Infections, in addition, they are milked by a mechanical apparatus that passes from 
cow to cow and so Infection Is transmitted from one animal to another. 

The mammary gland has a number of natural defense mechanisms against bacterial 
pathogens (Cullor et al.. 1990). These can be overcome by high levels of bacterial 
challenge and also by compromise of tiie defense mechanisms. This compromise can be 
brought about by poor management or through physiological changes at certain times In the 
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lactation cycle (Culler et al.. 1990). The period around drying off and calving are associated 
witli a relatively high incidence of mastitis. 

IVIastitis can be caused by many species of bacteria. Those most commonly implicated in 
bovine mastitis fall into 2 categories I and II: Category I embraces host pathogens such as 
Staphylococcus aureus and Streptococcus agalactiae. These live on the skin of the udder 
or in the udder and individual cows are the source of infection to others in the herd. 
Category II embraces environmental pathogens such as Streptococcus uberis and 
Escherichia coli. As their name suggests these category II bacteria are found in the 
immediate environment of the dairy cow and thus present a constant risk (Cullor et al., 
1990). 

Mastitis caused by the bacteria characterized above can manifest as either clinical or 
subclinical disease (Cullor et al., 1990). Clinical disease can vary from mildly affected 
quarters with changes in the milk through severely infected quarters with eventual loss of 
that quarter, to a systemically ill cow that may die. Milder presentations are more usual. 

Subclinical mastitis as its niame suggests is not obviously present. It is, however, very 
prevalent in many dairy herds. Subolinically affected quarters have bacteria present and the 
cell content of milk is greater than normal. This syndrome is accompanied by lower 
production. Indeed, it has been estimated that up to 70 % of the economic losses sustained 
by farmers because of mastitis can be attributed to lost production from subclinical disease 
(Philpot, W.N., 1984). 

Currently mastitis is controlled through the exercise of scmpulous hygiene at milking, by 
detection of chronic subclinically infected cows and either milking them after the 

non Infected cows or even by eliminating them from the herd. Clinical cases are generally 
treated with antibiotics as they occur. This means that milk must be withheld from sale and 
consequently causes economic loss to the fanner. Antimicrobial therapy of subclinical 
mastitis must be done In the dry period. Consequently, during the period between 
establishment of infection and drying off the Infected cow is a threat to her neighbors. 

It is, therefore, an object of the invention to provide an antimicrobial compound that may be 
advantageously used in the treatment or prevention of mastitis, especially in cows, and 
more especially in cows, which are not in the dry period. 
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Thfs Object was surprisingly met within the scope of the present invention by providing a 
further lanthionine-containing antimicrobial peptide or a phannaceuticaliy acceptable acid 
addition salt thereof that may be used as a phamiaceutical agent, but proved especially 
useful In the treatment of bovine mastitis; The lanthionine-containing antimicriobial peptide 
according to the invention which Is also designated hyicin M51 Is obtainable from the culture 
medium of the bacterial strain Staphylococcus hyicus strain664 using for example 
consecutive steps of conventional column chromatography. It has a molecular weight of 
about 21 19 ± 2 Dalton and can be cleaved by trypsin to yield two fragments of a molecular 
weight of about 1256 ± 2 Dalton and about 881 ± 2 Dalton, respectively. 

The present Invention is tiierefore drawn to a lanthionine-containing antimicrobial peptide 
obtainable from the culture medium of the bacterial strain Staphylocobcus hyicus strain 664, 
or a pharmacButically acceptable acid addition salt thereof; to an antimicrobial or 
pharmaceutical composition comprising said peptide in addition to a suitable canier. and to 
methods for the preparation of said peptide and said compositions. The Inventfon further 
comprises the use of the Inventive peptide and compositions to treat or prevent mastitis in a 
mammal or to prepare a drug for treating or preventing mastitis in a mammal. Finally the 
invention contemplates a method of treating or preventing mastitis in a mammal comprising 
administering to said mammal a pharamaceuticaily effective amount of the lanthionine- 
containing antimicrobial peptide according to the Invention or a phanmaceutically acceptable 
acid addition salt thereof. 

In a preferred embodiment of the Invention ttie antimicrobial peptide according to the 
invention is prepared by 

(a) growing a culture of the bacterial strain Staphylococcus hyicus strain 664 In a medium 
and for a time period appropriate to produce said peptide, 

(b) purifying the peptide from the culture medium applying conventional techniques of 
protein purification, and 

(c) drying the active fractions. 

The bacteria are heat-inactivated in a first step by exposing the culture to temperatures 
between 50» C and SO" C. but preferably between 60" C to yO' C. for a time sufficient to 
heat-inactivate the bacteria. In the case of, for example, 65* C a period of 30 to 40 minutes 
of exposure will be sufficient. After heat-lnactlvation the bacteria are removed from the 
culture medium using filtration or centrifugation and the cleared supernatant is applied to a 
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first Chromatographic column. Aitematively, the column material can be added directly to the 
bacterial culture wittiout prior removal of tiie bacteria. After a time sufficient to allow 
adsorption of the peptide to the chromatographic material, the resin is filtered off, washed 
and packed into a column. In a preferred embodiment of the invention Amberiite XAD-7 
(Sigma) is used, in which case stirring of the culture in the presence of the resin for 1 to 3 
hours ensures efficient adsorption of the peptide to the resin, which is washed after filtration 
with water and a solution of Na-citrate containing 20% to 30% isopropanol. After package of 
the resin into a column the peptide is eluted from the resin using for example a solution of 
Na-citrate containing 40% to 50% isopropanol in the case of an Amberiite XAD-7 resin. 
Active fractions are pooled and further purified In a similiar fashion using chromatographic 
materials such as for example SP Sepharose Fast Flow (Phamiacia). For storage purposes 
it is preferred to pool and lyophylise the fractions containing the antimicrobial peptide. 

If the peptide is to be used for analytical purposes it can be further purified using for 
example HPLC. In a preferred embodiment of the invention RP-HPLC is done ort a Vydac 
CIS column monitoring the protein by UV detection. In the case of RP-HPLC on a Vydac 
CIS column the peptide according to the invention can be eluted from the colurrn applying 
a linear gradient of acetonitrile in 0.1% TFA, elution being followed by drying or the active 
fractions applying vaccuum centrifugation. 

Purified hyicin M51 shows a strong antimicrobial activity against bacteria, especially against 
bacteria commonly implicated in mammalian and preferably bovine mastitis. Such bacteria 
include but are not limited to Staphylococcus aureus V557, Staphylococcus aureus 
Newbould 305, Streptococcus uberis. Streptococcus faecalls, Pasteurella haemolytica. 
Listeria innocua, Bacillus cereus. Micrococcus luteus, and Leuconostoc mesenteroides, and 
the Minimal Inhibitory Concentrations (MICs) for these bacteria are in the range from 
0.01 g/mltolOO g/ml. but preferably from 0.05 g/mlto50 g/ml. and most preferably from 
0.1 g/ml to 10 g/ml. 

Amino acid sequence analysis of hyicin M51 is complicated by the fact that the second 
amino acid after the N-terminal He is an unusual amino acid blocking further sequence 
analysis from the N-terminal end. Therefore, the amino acid sequence has to be detennlned 
by the combination of experimental data obtained from mass spectroscopy, NMR 
spectroscopy, and DNA sequencing. The sequence as determined is highly homologous to 
the lanthionlne-containing peptide gallidermin (EP-342486-A1), which has a molecular 
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weight of about 2164 ± 2 Dalton. The following peptide structure of hylcin 1^1 is r^evealed 
by amino acid sequence analysis 
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wherein Xaa\ Xaa^ and Xaa^ can be any amino acid with the proviso, that the molecular 
wheight of the complete peptide is 2119 ± 2 Dalton. In a prefen-ed embodiment of the 
invention Xaa^ and Xaa' are 2,3-Didehydrobutyrin (Dhb), and Xaa^ is 2.3-Didehydroalanine 
(Dha). 

An alternative structure for hylcin M51 is 
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wherein Xaa\ Xaa^ and Xaa° can be any amino acid with the exception that Xaa\ Xaa^. 
and Xaa* must not be Ala, Lys, and a,p-Dldehydrobutyric acid, respectively, within the same 
peptide. 

The present Invention also relates to an antimicrobial composition comprising in addition to 
a suitable earner the iant')ionlne-containing antimicrobial peptide according to the invention 
in an antimicrobially effective amount. More specifically, the present invention relates to a 
phannaceutical composition comprising in addition to a suitable earner a pharmaceutlcally 
effective amount of the lanthionine-containing antimicrobial peptide according to the 
invention or of a phannaceuticaliy acceptable acid addition salt thereof. In a prefen-ed 
embodiment of the invention a phamiaceutlcal composition is provided for the treatment 
and prevention of mastitis in a mammal, which preferably is a cow, comprising in additon to 
a suitable can-ier a phamnaceuticaiiy effective amount of the antimicrobial compound 
according to the invention or one of the pharmaceutlcally acceptable acid salts thereof. 

Within Staphylococcus hyicus strain 664 the prepeptide form of the lanthionine-containing 
antimicrobial peptide according to the invention is encoded by nucleic acid molecules. The 
structural gene of the prepeptide is encoded by bacterial DNA, whereas the template for 
translation of the prepeptide consists of RNA. Therisfore. nucleic acid molecules encoding 
the lanthionine-containing antimicrobial peptide or the conresponding prepeptide constitute 
another embodiment of the Invention. Preferably, the nucleic acid molecule comprises the 
nucleotide sequence 

ATG GAA AAA ATT CTT GAT TTA GAT GTA CAA GTA AAG CGC AAA AAG GAA TCA 
AAT GAT TCA TCT GGA GAT GAA CGT ATT ACA AGT TTC TCA TTG TGT ACT CCT 
GGT TGC GCT AAA ACT GGT AGC TTC AAT AGT TAT TGT TGT TAA 

or the nucleotide sequence 

AUG GAA AAA AUU CUU GAU UDA GAU GUA CAA GUA AAG CGC AAA AAG GAA UCA 
AAU GAU UCA UCU GGA GAU GAA CGU AUU ACA AGU UUC UCA UUG UGU ACU CCU 
GGU UGC GCU AAA ACU GGU AGC UUC AAU AGU UAU UGU UGU U2VA. 

The nucleic acid molecules according to the invention can be obtained by a method 
comprising 
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(a) construction of a genomic library of Staphylococcus hyicus strain 664 in a 
microorganism; 

(b) screening of said iibary for sequences homologous to the structural gene of 
gallidermin; 

(c) identification of a clone comprising the structural gene of hyicin M51 ; and 

(d) purification of the nucleic acid molecule from the clone identified. 

For the construction of said genomic library chromosomal DNA of Staphylococcus hyicus 
strain 664 is either partially or completely digested with a restriction enzyme. In the case of 
complete restriction digestion a suitable restriction enzyme preferably does not cut within 
the coding region of the hyicin M51 gene. The restriction fragments obtained are ligated to a 
plasmid vector either immediately after restriction digestion or after an optional size 
fractionation step. The resultant collection of various DNA fragments cloned within plasmid 
vectors, is subsequently transformed Into a microorganism. Preferably the microorganism 
used is E.C0II or a bacteriophage infecting E.coli. 

The genomic library obtained can be used to screen for sequences homologous to the 
stnjctural gene of gallidermin. Screening procedures using hybridization with a suitable 
nucleic acid probe are described in Maniatis et al. Suitable probes can be obtained by 
restriction digestion of the gallidermin gene or by amplification of defined regions of the 
gallidermin gene using the polymerase chain reaction. Instead of radioactively labeled 
nucleotides, non-radioadlve labels such as digoxigenin (DIG) labeled nucleotides can be 
used for l^elling of the probe. 

10^-10^ and preferably 10^-10* clones of the genomic library are screened with the 
gallidennin probe. Positive clones, i.e. clones showing hybridization with the probe used, 
are further characterized by purifying and sequencing of tfie cloned DNA comprised by said 
clone, to identify the starctuiBl gene of the hyicin M51 peptide. 

The structural gene of hyicin M51 can be used biotechnologically to produce hyicin M51 in a 
microbial host. For this purpose said host has to be equipped with the enzymatic machinery 
which performs the posttranslationai modifications found in hyicin M5^. It has been shown 
for several lantibiotics that a number of genes are involved in their production. The exact 
role of the conresponding gene products is not known in all cases, but there is evidence that 
they are required for processing of the pre-forms of the proteins, for the introduction of the 
modifications typically found in lantibiotics. as well as the translocation of tiie protein across 
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the membrane, and for immunity. In all cases studied so far these genes were found to be 
clustered around the structural gene for the iantibiotic. A comprehensive overview on the 
subject including the gene organisation of the epldemnin operon can be found In "Nisin and 
Novel Lantibiotics" (Jung. G. and Sahl, H-G., 1991). 

Since epidermin and hyicin M51 are structurally very similar it is reasonable to assume that 
the genes required for the production of hyicin M51 are also organized in an operon close to 
the stmctural gene as shown for lantibiotics. The DNA sequence of the structural gene for 
hyicin M51 constitutes a preferred embodiment of the present invention. Flanking 
sequences can easily be obtained by complete sequence analysis of the 6.5kb DNA 
fragment isolated from the genomic library of Staphylococcus hyicus which fragment 
comprises the structrual gene for hyicin M51. Additional clones comprising Staphylococcus 
hyicus genomic DNA adjacent to said 6.5kb fragment and clones of the whole operon can 
be obtained easily by procedures well known in the state of the art. A DNA molecule 
comprising the isolated operon can then be cloned in a plasmid which is able to be 
replicated and expressed in bacterial strains such as other strains of gram positive bacteria 
and staphylococci. Augustin et al (1991) for example describe the cloning and transfer of 
tiie epidermin genes from S. epidermidis to S. camosus. Transfer of the genes necessary 
for the production of lantibiotics can also be achieved without detailed knowledge of all the 
genes involved. McKay et al (1984) and EP-137869 for example describe the transfer of 
nisin production by conjugative transfer. Hansen et al (1991) achieved transfer of subtilin 
production between two strains ob B. subtitis by integrative transfomiation. 

Thus, microbial hosts devoid of the enzymatic machinery to produce hyicin Iy/I51 might be 
genetically modified in such a way as to be able to perform the posttranslational 
modifications needed. This could be achieved by expressing the genes encoding the 
enzymes responsible for the posttranslational modifications In said microbial host. The 
relevant genes might be introduced into the microbial host by way of transfonnation or 
conjugative transfer. 

The application of antibiotics for treating mastitis commonly involves a severe problem, 
namely that of cheese and yoghurt manufacture. These processes are based on bacterial 
femnentation of milk and therefore residual agents with antimicrobial properties risk 
upsetting them. 
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It has also been established (Jung et al., 1992), that there is a significant reduction in the 
antimicrobial effect of these agents in the presence of milk, which causes reduced 
effectivity of mastitis treatment in cows with these agents. 

It was therefore a long felt need to find an antibiotic peptide such as the peptide according 
to the Invention which on the one hand fully controls bovine mastitis and is non-toxic to 
wami-blooded animals, and which on the other hand exerts only minor effects on bacteria In 
mill< that play a role In cheese and yoghurt production. 

Another embodiment of the present invention is directed to a method of treating or 
preventing mastitis in a mammal comprising administering to said mammal, which preferably 
is a cow, goat, or ewe, a pharmaceutically effective amount of the lanthinone-containing 
antimicrobial peptide according to the invention or one of the pharmaceutically acceptable 
acid addition salts thereof. The administration can be done either before or after the 
infection by the mastitis causing pathogens has occurred, and It can be done prepartum or 
postpartum. 

As Indicated, the present invention is concerned with treating or preventing mastitis. By 
"treating" is meant curing or ameliorating an animal that has contracted mastitis. 
"Preventing" mastitis means preventing the occun-ence of the infection, or tempering the 
severity of the infection if It is later contracted. 

It has surprisingly been found that the lanthionine-contalnlng antimicrobial peptide 
according to the Invention and pharmaceutically acceptable acid addition salts thereof are 
highly active against pathogens causing bovine mastitis, and what Is even more surprising, 
they show almost no Inhibition in their antipathogenic action in the presence of milk. What is 
most important, this lack of Inhibition in the presence of milk allows reduction of the 
therapeutic dose and thus the amount of residual lanthionlne-containing peptide in the milk 
such that the utilization of the milk from treated cows In cheese and yoghurt production is 
significantly Improved. 

Thus, one Important aspect of the present Invention is the treatment or prevention of 
mastitis In mammals by the administration of a ianthlonine-containing antimicrobial peptkle 
according to the invention or a pharmaceutically acceptable acid addition salt thereof to the 
subject mammal. A preferred embodiment of the invention Is the treatment or prevention of 
mastitis in cattle. For this purpose the present Invention contemplates employing any fomi 



PCT/EP95/01587 



of the inventive peptides or phannaceutically acceptable acid addition salts thereof alone or 
in combination. The present invention encompasses using native fonns of the active 
agents. IHowever. since the production of recombinant peptides has substantial advantages 
relative to the purification of native peptides, recombinant peptides are a prefered 
embodiment. It is also contemplated that synthetic fomis of the antimicrobial peptides 
according to the invention and muteins showing minor structural differences to the native 
product exhibiting the same biological activity, are also within the scope of the invention. 

The active agents of the present invention are usually prepared and stored as ready-to-use 
liquid formulations. The aqueous solution is generally applicable, but the formulation can 
also be adapted to the specific type of administration. Thus the formulation can also contain 
non-ionic surfactants that carry no discrete charge when dissolved in aqueous media and 
are selected from ethoxylated esters of fatty acids and triglycerides. The hyicin M51 
fomiulation may also contain EDTA to improve the antimicrobial spectrum and stabilizing 
agents such as methionines, ascorbic acid, and preservatives such as propylene glycol. 

Typically, the active agents of the present invention are administered by intramammary 
injection; however, effective dosages may be administered parenterally, percutaneousiy, by 
implant and also by dipping. In a preferred embodiment of the present invention the 
administration is cam'ed out via intramuscular, subcutaneous, or intravenous injection. 
When prepared as injectables, the active agents according to the present invention are 
generally administered using a phannaceutically acceptable vehicle or excipient. Suitable 
vehicles are, for example, water, saline, mannitol, dextran, amino acids, glycerol, or the like, 
in various combinations, in addition, if desired, the vehicle may contain auxiliary substances 
such as wetting or emulsifying agents, preservatives and plH buffering agents. The acb've 
ingredient will typically range from about 0.001% to about 95% (wAv) of the composition 
administered, or even higher or lower if appropriate. 

Parenteral administration may be conventionally accomplished by subcutaneous, 
Intradential, intramuscular, and even intravenous Injection. Needle-less air-blast injection 
devices may be equally useful. Parenteral administration is well known in the art and may 
be canied out in ways usual in the animal veterinary or human medical art. 

Sustained action of the active agent to achieve prolonged release (so called "slow release') 
can be obtained by fomiulating the protein in a matrix that will physically inhibit rapid 
dissolution. The formulated matrix is injected into the animal's body where it remains as a 
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depot from which the protein is slowly released. Useful adjuvants are polymers and 
copolymers of lactides and glycosides. Furthermore, gelling agents like aluminum, calcium 
or magnesium monostearate, or carbohydrates (cellulose, pectin, dextran derivatives), 
polysiloxanes or proteins (gelatin, collagen) could extend the releasing time of the active 
agents of the present invention after parenteral application. Percutaneous administration is 
also meant to include implantation of controlled release devices, e.g. made from silicone or 
wax, and otiier implantable matrices from polymeric materials can be used subcutaneously 
to deliver the compound over the required period of time. This can also be achieved by 
implantation of minipumps containing aqueous solutions of the protein. Such Implantation 
techniques are also well known in the art and often used in medical treatment. 

Polysiloxane carriers are described in the art for a variety of hormonal delivery fonns and 
may be adapted to the release of the active agents of the present invention. A collagen 
delivery system for the release of antibiotics is described In the Gemian Offenlegungsschrift 
DE-3.429,038. This system can also be adapted for the lanthionlne-containing anitmicrobial 
peptides according to the Invention and phannaceutically acceptable acid addition salts 
thereof. 

Slow release formulations and other pharmaceutical or veterinary formulations of the 
inventive peptide and its phannaceutically acceptable acid addition salts can be prepared 
by adapting, for example, the fonnulation of lanthionlne-containing peptides or other protein 
formulations already described in the art. 

A "therapeutically effective amount" of an active agent of the present invention is a dose 
sufficient to either prevent or treat mastitis in a subject to which the active agent is 
administered. The dosages of the active agents of the present invention which can treat or 
prevent mastitis can be easily determined in view of this disclosure by one of ordinary skill in 
the art by running routine trials with appropriate controls. Comparison of the appropriate 
treatment groups to the controls will indicate whether a particular dosage is effective in 
preventing or treating a disease used in a controlled challenge, in general, effective dosage 
will vary depending on the mode of administration. It has bean found that in the case of an 
Intramammary injection using hyicin M51 administration of 0.1 mg to lOmg per quarter is 
sufficient to control mastitis due to Staphylococcus aureus. 

If administered intramuscularly, subcutaneously, or intravenously, effective dosages will 
depend on the weight of the animal and will typically run in the range of from about 2 g/kg 
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to about 800 g/kg, preferably 20 g/kg to about 200 g/kg. More ^ically, the dosage will be 
at least about 50 g/kg. but less than 150 g/kg. 

Beyond dosage, an effective administration of an active agent according to the present 
invention will in part depend on the number and timing of the dosages. For example, 
multiple administrations of a dosage may be given to an animal, typically at least about 
12hours apart. In most circumstances it may be desirable to administer the active agent at 
least three times. It may even be desirable to administer even more dosages to the animal, 
such as six, seven, eight, or even nine or more over an equal number of days or longer. It is 
believed that the precise combination of dosage and timing will be subject to a wide range 
of variation and that numerous combinations effective in treating or preventing a disease 
can be readily established by those of ordinary skill in the art in view of the present 
disclosure. 

Reference will now be made to specific examples which are incorporated into the 
description for illustrative purposes and are not of a limiting nature unless there is a specific 
indication to the contrary. 



EXPERIMENTAL 

A) Preparation of Hyicln M51 

The bacteriodn producer Staphylococcus hyicus 664 was obtained from the Czechoslovak 
National Collection of Type Cultures (CNCTC) and a sample of Staphylococcus hyicus 
strain 664 has been deposited with the DSM-Deutsche Sammlung von Mikroorganismen 
und Zellkulturen GmbH, Mascheroder Weg lb, [>38124 Braunschweig on November 17, 
1 994, under the accession number DSM 9547. 

An ISF 200 femnenter (Infers AG, Bottmingen. CH) containing 4 liters of BHI medium (Difco) 
with 0.05% antifoam Polywax Polyol PPG 2025 (BP Chemicals) was inoculated at 10% with 
an ovemight culture of S. hyicus grown in BHI medium. The culture was grown at 37° C and 
0.5bar backpressure. p02 was maintained at >60% of saturation by varying the aeration 
rate between 5-7lt/min and stirrer speed between 200-400rpm. (Antibacterial activity was 
detected by spotting aliquots of the samples on agar plates seeded with an indicator 
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bacteria as described in example F). After 6 hours the culture was heated to 65° C for 35 
minutes to inactivate the bacteria. After cooling to 37'* C the pH was adjusted to 4,9 with 3M 
HCL 

150g of Amberlite XAD-7 (Sigma) was added directly to the femienter and stimng was 
continued for 2hours at lOOrpm and an aeration rate of Wmm. The resin was filtered off 
and washed with 500ml of H20. it was then washed with 250ml of Na-citrate (20mM, pH4.0) 
followed by two washes of 250ml with the same buffer containing 20% isopropanol and two 
washes with this buffer containing 30% isopropanol. 

The resin was then transfenred to a chromatographic column (Pharmacia XK 50) and 
washed with another 1000ml of 2DmM Na-citrate pH4 containing 30% of isopropanol. 
Activity was eluted with 20mi\4 Na-citrate plH4 containing 30% of isopropanol. active 
fractions were pooled (750ml). and 11ml of SP Sepharose Fast Flow (Phannacia) that had 
been prewashed with water were added to the pool. After stining for 30mln at RT the resin 
was filtered off. resuspended in 0.01 M HCi and packed in a Phartiacia XK2.6 column. The 
column was washed with 100ml of 0.01 1\^ HCI containing 30% methanol. The activity was 
eluted with the same buffer containing 0.3M NaCI. Active fractions were pooled (120ml) and 
11g of Amberlite XAD-7 (prewashed with H20) were added to the pool. After stirring for 
45min the resin was filtered off and packed in a Pharmacia XK2.6 column. The column was 
washed with lOOmi of 0.01 M HCI and eluted with 0.01 1\4 HCI containing 50% isopropanol. 
The fractions containing activity were pooled and lyophilysed. 

For analytical purposes the material was further purified by RP-HPLC on a Vydac CI 8 
column (4.6mmx250mm). Activity was eluted using a linear gradient ainning from 75% 
solvent A, 25% solvent B to 60%A, 40%B. Solvent A was 90% H20, 10% acetonitrile, 0.1% 
TFA, solvent B was 10% H20. 90% acetonitrile, 0.1% TFA. Protein was monitored by UV 
detection at 2l3nm. Typically, fractions of 1ml were collected and analysed for activity. 
Active fractions were dried by vacuum centrif ugation. 



B) Sequence analysis and amino acid profile of Hvicin VSl 



Amino acid sequence infonnation is obtained with a gas phase sequencer (Applied 
Biosystems. Foster City. California) using protocols supplied by the manufacturer. 
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The results show that after the N-teminal ile the peptide is no longer available for 
sequencing indicating the presence of an unusual amino acid at position 2 of the peptide 
chain. 

C) Mass Spectroscopy of Hvlcin M51 and Its trvotlc fragments 

Mass spectra are recorded on a Bio ion 20252CF plasma desorption time of flight mass 
spectrometer (BIO ION KB, Uppsala, Sweden). The instrument is operated at an 
accelerating voltage of 1 5kV. A 1 ns time resolution is employed. 

2 g of sample are dissolved in 10 I of water - acidic acid (1:1 v/v) and added on an 
aluminium foil covered with a thin film of nitrocellulose. Nonadsorbed protein is washed off 
with water. 

An enzymatic cleavage of the peptide with trypsin (Sigma, St. Louis, Mo) is carried out in a 
0.1 M bicarbonate buffer, pH8.5 for 15hours. The enzyme to substrate ratio is 1:10. Tryptic 
fragments are purified by RP-HPLC prior to mass spectroscopy. Results are presented in 
Table 1. A strong relationship to the stnicture of Gailidemiin - another lanthionin containing 
bacteriocin - is noted. 



Table 1 : Mass Spectroscopy of Hyicin M51 

Hyicin M51 and the two fragments TF1 and TF2 obtained by trypsin digestion are subjected 
to mass spectroscopy as described in example III. 



Peptide Molecular mass (M/^ 



hyicin M51 2119 2 Da 

TF1 1256 2 Da 

TF2 881 2 Da 



PCT^EP95A)1S87 



D) NMR Spectro scopy of Hvlein MSI 

a) Experimental details 

NMR measurements are done on a Varian Unity 500 spectrometer with a 'H-frequency 
of 500MHz. CD3OH is used as solvent. ^H-NMR spectra are recorded at temperatures 
of between 17.5» C and 40» C with presatutation to suppress water. Two-dimensional 
spectra are recorded at 25" C. at which temperature the signal overlap in the amide 
region is minimal. For calibration purposes the CIDa-multipletl signal of the solvent 
CD3OHissetto3.30ppm. 

in addition to one-dimensional ^H-NMR spectra, the following measurements are 
performed: one-dimensional "C-NMR as well as two-dimensional DQF-H H-COSY- 
TOCSY; NOESY; ROESY; H.C-COSY (HSQC); and H.C-COSY-long-rahge (HMBC) 

b) Identification of individual amln n acid residi.ps 

The identification of individual amino acids constitutes the first step in the elucidation of 
the peptide structure of hyicin M51 using NMR spectroscopy. 'H-NMR signals obtained 
from one- and two-dimensional NMR experiments are identified as proton spin-patterns, 
which can be assigned to specific amino-acid residues. DQF H.H-COSY experiments 
provide proton signals, which are due to coupling over a distance of 2 or 3 chemical 
bonds; TOCSY experiments additionally provide proton signals, due to coupling over a 
distance of more than 3 chemical bonds; ROESY spectra provide proton signals 
resulting from dipolar coupling and provide additional information for the identification 
of individual spin systems; H.C-COSY experiments, finally, correlate protons, which are 
joined to a carbon atom directly. 

The following natural amino acid residues are identified In hyicin M51 : 
He. Leu, 2x Gly, Ala. Pro, and Lys 

The following non-natural amino acid residues of hyicin M51 are identified by their 
H.H-coupling patterns and chemical shifts: 

2x Dhb (2.3-Didehydrobutyrin), Dha (2,3-Didehydroaianine). Abu (aminobutyric acid as 
part of 3-methyllanthionine), and Avi (2-aminovinyI) 



Using ROESY and H.C-COSY spectra the following additional amino acid residues 
identified: 



wo 9500751 



PCT/EP9a01587 



-16- 

Asn, 2x Phe. Tyr, and 6x Ala as part of ianthionine. 3-methyllanthionine, and 2-amino- 
vinylcystein. 

The chemical shifts of the protons are summerized in Table 2. 

c) Amino acid sequence forimarv structured 

The sequential assignment of the individual amino acid residues is based on the 
interpretation of short-range ROESY cross signals between NH-. alpha- and beta 
protons of the amino acid and the NH protons of the neighbouring amino acid i+1 . 

From the interpretation of the data obtained the following primary structure of hyicin 
M51 is established: 

He Dhb Ala Phe Dha Leu Ala Abu Pro Gly Ala 
Ala Lys Dhb Gly Ala Phe Asn Ala Tyr Ala Avi 

d) Assignment of the thio-ether bridges of lanthionine.methvl-lanthionine. and 2-amino- 
vinvl-cvstein 

The characterization of the thio-etiier bridges constitutes the last step in the elucidation 
of the structure of hyicin M51 . Assignment of the various Ala structures to the different 
thio-ether bridges is achieved by Interpretation of the long-range ROESY signals. The 
following thio-ether bridges are identified: 

* 2 lanthionines between amino acid positions 3 and 7 and 1 6 and 21 

* Methyl-lanthionine between amino acid positions 8 and 1 1 

* A thio-ether bridge including 2-aminovlnyl between amino acid positions 1 9 and 21 



E) Cloning of the structural gene for Hyicin M51 

a) Construction of a genomic library of Staphylococcus hvicus 664 

Chromosomal DNA is isolated from a culture of S. h^cus 664 grown ovemight at 37° C 
in M17-G medium (Terzaghi et ai, 1975). Cells are harvested by centrifugation and 
lysed by incubation for 30 minutes at 37° C in 25m!W Tris-HCI pH8, lOmM EDTA, 50mM 
glucose containing 4mg/ml lysozyme and 40mg/l mutanolysin. 
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Table 2: 'H-NMR values In ppm of Hyicin M51 (CD3OH, lOmmol, 25 C. TOCSY) 



Aminosaure 


Nn 


atnht. 

alpha 


oeta 

■ 


gamma 


• 

delta. 




lle-1 




3.92 


2.02 


1.66 
1.30 


0.98 


(beta-Me) 


Dhb-2 


fehit 




6.35 


1.8 






Aia(Lan1)-3 


7.79 


4.55 


3.08 
3.04 








Phe-4 


8.32 


4.41 


3.27 
3.15 






(ortho-H) (meta-H) (para-HV 


Dha-5 


fehIt 




5.77 
5.49 








Leu-6 


8.46 


4.35 


1.77 


1.70 


0.96 




Ala(Lan1>7 


8.09 


4.56 


3.06 








Abu-S (MeLan) 














Pro-9 




4.35 


2.38 


2.05 


3.32 




Gly-10 


8.48 


4.35 
3.55 










Ala(MeLan)-ll 


8.00 


3.81 


3.58 
3.01 








Ala-12 


8.36 


4.15 


1.38 








Lys-13 


7.77 




1.81 


1.47 


1.70 


2.96 
(epsilon) 


Dhb-14 


8!.99 




6.44 








Gly-15 


7.68 


4.21 










Ala(Lan2)-16 


8.60 


4.33 


3.12 
2.67 








Phe-17 


9.24 


4.92 


3.55 
2.81 






7.13 7.2-7.4 7.2-7.4 
(Ortho-H) (meta-H) (para-H) 


Asn-ia 


7.91 


4.72 


2.83 
2.62 






7.36 6.79 

gamma-NHI gamma-NHZ 


Ala(CysAvi)-19 


7.86 


4.99 


3.23 
3.07 








Ty^20 


9.13 


4.27 


3.15 
2.93 






7.03 6.65 
(Ortho-H) (meta-H) 


Ala(Lan2)-21 


9.22 


4.08 


2.91 
1.79 








Avi 


8.43 


7.01 


5.67 









Dha ... 2,3-didehydroalanine 

Dhb ... 2,3-didehydrobutyrin 

Abu ... aminobutyric acid part of 3-methyllanthionlne 

Ala(MeLan) ... alanine part of 3-methyllanthionine 

Ala(Lan) ... alanine part of lanthionine 

Ala(CysAvl) ... alanine part of 2-aminovinylcystein 

Avi ... 2-aminovinyl 
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Subsequently proteinaseK (100mg/l) and SDS (0.5%) are added to the sample which is 
then incubated for 2 hours at 56" C. After extraction with 1 volume of phenol/chlorofomi 
(1 volume phenohl volume chloroform) the DNA Is purified by CsCI gradient 
centrif ugatlon. The chromosomal DNA obtained is partially digested with the restriction 
enzyme Sau3A and the fragments obtained are size fractionated on sucrose gradients 
as described In Maniatis et al, 1982. DNA fragments of between 5l<bp-10kbp are 
collected and ligated to BamHI linearized plasmid pUCIB which has additionally been 
treated with calf Intestine phosphatase (CIP). The ligation mixture containing the 
ligation products is used to transform E.coli strain TGI to ampiciliin resistance. 

b) Screening of the genomic librarv for seque nces encoding Hvicin M51 

The following two oligonucleotides complementary to the sequence of the structural 
gene encoding gallidemiln (Schneil et al, 1989) are synthesized according to standard 
techniques: 

OL1 : 5'-CTTTTTGATCTTGACGTTAAAGT-3' (SEQ ID NO 2) 
0L2 : 5'-CCAATTTAATTCTTTTGAATT-3' (SEQ ID NO 3) 

The oligonucleotides are used in a polymerase chain reaction (PGR) to amplify a 151 bp 
DNA fragment of the gallidermin gene. For the polymerase chain reaction thermostable 
Taq polymerase from Peri^ln Elmer Getus (GeneAmp"^ is used according to the 
manufacturer's instructions. Genomic DNA of a strain of Staphylococcus saprophytlcus, 
which is known to produce gallidermin, is used as the template DNA for amplification. 
To be able to use the amplified fragment as a probe for hybridization, the polymerase 
chain reaction is canied out in the presence of DIG-1 1-UTP purchased from Boehrlnger 
Mannheim. 

About 10000 colonies of the genomic library obtained in section a) are screened with 
the DIG-labeled amplification product. The hybridization and washing steps are done as 
recommended by the manufacturer of the DIG-1 1-UTP nucleotides. Several clones, 
hydridizing with the DIG-labeled probe are identified. One of the clones is further 
characterized. It consists of pUC18 containing a 6.5kbp DNA insert. After cleavage of 
the plasmid with the restriction enzyme Xbal and subsequent religation, the size of the 
insert is reduced to about 1kbp. The sequence of this insert is detemnined using the 
Sequenase™ Version 2 Kit purchased from United States Biochemicals (USB) and 
appropriate oligonucleotides. The DNA sequence reveals an open reading frame of 
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144bp (SEQ ID NO 1) with considerable homology to the gallldermin structural gene 
gdmA. The deduced amino acid sequence (SEQ ID NO 4) establishes the results 
obtained from NMR analysis of the hylcin M51 peptide. After posttranslational 
modification mature hylcin M51 differs from gallldermin in three amino acid residues. 
The leader peptides of the two peptides show much less homology. 

F) MIC plate assay 

The MICs (Minimal Inhibitory Concentrations) of nisin and hylcin IVI51 against Streptococcus 
aureus and Streptococcus diacetylactis were detennined. S. aureus Newbould 305 is a 
causative agent of Instills, S. diacetylactis is used in the manufacture of yoghurt and 
cheesei 

Appropriate dilutions of nisin and hylcin M51 (300, 100; 30, 10, 3, 1, 0.3, 0.1 g/mi) were 
prepared in milk and In Ml 7 broth (Merck) and allowed to stand at room temperature for 30 
min. 

Then, 10 ml aliquots of the solutions were spotted on Ml 7 agar plates containing 0.5% of 
glucose. These plates had been overlaid with softagar (0.5% agarose) seeded with 1% of 
an A8oo=1 culture of either S. aureus or S. diacetylactis. The spots were allowed to dry. then 
the plates were Incubated at 30** C overnight. 

The MICs were detennined as the lowest concentration of antimicrobial protein causing the 
formation of a clear halo in the bacterial lawn. The results presented In Table 3 show that 
nisin and hyicin M51 have comparable activities against Streptococcus diac6tylactls, both In 
milk and broth. There is however a clear Inhibition of nisin activity against S. aureus In milk, 
while hyicin M51 retains full activity under these conditions. 



Table 3: MIC plate assay (MICs for Nisin and Hyicin M51 in g/ml) 





miik 


M17 




S. aureus 


100 


3-10 


Nisin 










8. diacetyl 


1-3 


1-3 




S. aureus 


3 


10 


Hyicin M51 










S. diacetyl 


10 


10 
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G) Effect of Nisln and Hvlcin M51 on Staphvioeoccus aureus in milk 

Staphylococcus aureus Newbould 305 was grown in Ml 7 broth (Merck) at 37° C to an 
optical density at 600nm of 1 .0. Cells were collected by centrifugation and washed in 20 mM 
Tris-HCI pH 8.0. The bacterial pellet was resuspended In milk at a density of about 10^ 
cells/ml. 

1 ml aliquots of this suspension were incubated in eppendorf tubes with various amounts of 
nisin and hyicin M51. Incubations were at 37° C for 30 min. A control with no antimicrobial 
added was run in parallel. 

After incubation the samples were centrifuged to obtain the cellular pellet, which was 
washed 2 times witii 1ml of 20mM Tris-HCI pH8.0 and resuspended in 1ml of tiiis buffer. 
100 i of the appropriate dilutions were plated on Ml 7 agar plates containing 0.5% glucose 
and incubated overnight at 37° C. Colony fonning units (cfu) were detennined and percent 
sun/ival was calculated relative to the control. 

The results are shown in Table 4. It is clear from these data tiiat in milk hyicin M51 has a 
much higher specific activity against Staphylococcus aureus than nisin. 



Table 4 : Effect of Nisin and Hyicin M51 on Staphylococcus aureus in milk 



cone ng/ml 
100 
30 
10 
3 
1 

0.3 
control 



hyicin M51 



0.2 
1.8 
15 



0.01 
1 

12 
29 
100 



It is well documented that nisin is inhibited in the presence of milk (Jung et al., 1992). 
Clearly and surprisingly hyicin M51 does not show a similar Inhibition In the presence of 
milk. It is this particular property tiiat suits it so well for tiie use as a prophylactic and 
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therapeutic agent for use in bovine mastitis since the therapeutic dose can be lowered 
accordingly. 

To evaluate the potential of hyicin M51 or of its phamiaceutically acceptable acid addition 
salts in subclinical bo^^ne mastitis caused by Staphylococcus aureus the infection model 
described below can be used. 

H) Antimicrobial spectrum of Hvicin M51 

The minimal inhibitory concentrations (MIC) of hyicin M51 against a panel of test organisms 
were determined using an agar well diffusion method. Agar plates were overlaid with soft 
agar seeded with the test organism. When the agar had soiified wells of 4mm diameter 
were plugged into the agar. 50 I of a series of two fold dilutions of the peptide in citrate 
buffer pH4 were applied to the wells and the plates were kept at 4^ C for two hours prior to 
incubation at 37<^ C overnight. The MIC was determined as the lowest concentration of 
peptide giving a clear zone of lysis around the well. Indicator strains were grown in Tryptose 
broth (Difco). Ml 7 medium (Merck) was used for plates and soft agar except for Pasteurella 
haemolytica (Tryptose supplemented with 5% of fetal calf's serum), Leuconostoc 
mesenteroides (Plate count agar - Merck + 15% saccharose), and Bacillus cereus (Plate 
count agar + 0.2% potato starch-Sigma 2004-). Results are shown in Table 5. 

lafeteS: Activity Spectrum of Hyicin M51 



Strain MIC( g/ml) 



Staphylococcus aureus V557 1.56 

Staphylococcus aureus Newbould <0.39 

Streptococcus uiseris 0.78 

Streptococcus faecalis 3.13 
E.coli>100 

Pasteurella haemolytica 50 

Usteria innocua 12.5 
Bacillus cereus ■ 25 

Micrococcus luteus <0.39 

Leuconostoc mesenteroides <0.39 
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0 Experiments for evaluafina the potential of Hviein M51 or its pharmaecuticallv 
acceptable a cid addition salts in subclinical bovine masHtis 

A dairy hierd is maintained to supply candidate cows for enrollment in trials. Cows are 
bought from local cattle dealers. These cows should have a minimal milk production of 
15 I/day. Two milk samples are taken one day apart from all quarters for bacteriological 
examination. No cows from which mastitis pathogens can be recovered are entered into the 
tests, i-on-lnfected cows or goats are selected based on the lack of recovery of 
Staphylococcus aureus from two milk samples taken one day apart from all quarters. Then, 
3 quarters are Inoculated via the intramammary route using a suspension of 
Staphylococcus aureus. The 4th quarter serves as a control. In goats 1 of 2 udder halves 
are Inoculated. During the two to four weeks after Inoculation, milk samples are taken from 
all quarters at least 3 times to see whether Staphylococcus aureus can be recovered,' and 
therefore whether the quarter has become infected. A quarter is defined as being infected, 
if Staphylococcus aureus is recovered from at least two of the milk samples. Treatments are 
assigned randomly to infected quarters and injected via the intramammary route. Milk 
samples are taken daily until a minimum of 14 days after the last treatment. A quarter is 
defined as being cured If milk samples from that quarter become negative (i.e.. no 
Staphylococcus aureus is recovered) within 7 days after the last treatment and stay 
negative throughout the sampling period. 

This experimental model is used to have a fixed framework on which to evaluate 
treatments. To wori< with Staphylococcus aureus has the advantage that it Is the most 
difficult Gram positive bacterium to treat and one of the most important bacteria causing 
bovine mastitis. Therefore, the cure rates are expected to be lower than for other Gram 
positive bacteria, such as Streptococci and coagulase-negative Staphylococci. 

This model has proved satisfactory since the Infection rate in quarters averages 60%. In 
addition, the infection is mild as required for subclinical mastitis. 

To optimize work load in relation to man power. 8 to 16 cows or goats are enrolled in each 
trial. Trials normally last 5 weeks. 
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Table 6 : Efficacy of a hyidn M51 treatment in cows 



1 r0atn|6nt uT^^f^^ 


3xOmg 

^^lyiqin^l-K i» 
'.each IJZ'^hbiirsi^ 


J byiQinM5>,,, 


3 X 300 mg 
Hampiclox each 
f**' ' Tta'hotjrs ' 


^^^^^^^^^^^^^^ 




days after 


% of quaters 


% of quaters 


% of quaters 


start of treatment 


positive (n=45) 


positive (n=?) 


positive (ni=68) 


a 


97.7 


85 


100 


1 


75.6 


4 


19 


2 


77.8 


7 


1 


3 


80.0 


15 


7 


4 


73.3 


30 


6 


5 


77.8 


67 


24 


7 


75.6 


70 


29 


8 


75.6 


70 


34 


9 


71.1 


63 


35 


10 


75.6 


67 


35 


11 


71.1 


63 


43 


12 


64.4 


67 


41 


14 


68.9 


63 


43 


15 


80.0 


67 


43 


16 


80.0 


70 





ANALYTICAL METHODS " 

1) Data Management and Analysis 

A data entry/management system, created using the well known statistical analysis 
computer program SAS, is employed. 

2) Definition of Cure Rate 

Frequently, quarters are treated as independent statistical units and cure rates are based 
on results from individual quarters. This is not con-ect, since in the same cow quarters do 
not behave independently, in the literature, the con-elation between quarters in a cow is 
estimated to be 0.25. From our data, we estimate that the correlation in this disease model 
is between 0.1 5 and 0.35. 
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We use a method to compute a cow cure rate for given treatment accounting for tlie total 
number of quarters infected and subsequently treated In a cow (1, 2 or 3), the number of 
quarters that cured in that cow, and the con-elation between quarters. One consequence of 
using such a method Is that more weight is given to a cow for which three out of three 
quarters cured compared to three cows for which one out of one quarter cured. This result 
coincides with the observation that the more quarters are infected, the less they will cure. 
This problem does not arise in goats, because we infect one half only of each goafs udder. 

3) Other Factors Influencing Cure 

Other factors are known or suspected to influence cure. This is why natural cure can occur 
in up to 20 % of cases. Some of the factors are "cow" factors (e.g.: breed or lactation 
number), others are "quarter" factors (e.g.: position of the quarter on the udder). 

We consider and if necessary adjust for the following cowfactors in the analysis: breed, 
age, lactation number, lactation stage, daily milk production prior to treatment and number 
of times used for trials. Appropriate adjustments are also made for goats. 

Quarter factors that must be considered are the following: number of bacteria present 
before treatment, number of bacteria present at the time of treatment, SCO at treatment, 
position (front or rear), infection history, and treatment history. 

No statistical analysis exists that allows us to examine cow and quarter factors 
simultaneously. Therefore, we transfomi some quarter factors into cow factors. We define a 
median level of infection for a cow based on levels of infection in all its infected quarters, 
and we define a median SCO for a cow based on SCO of all its Infected quarters. 

We are aware that such pooling of data might prevent us from detecting the effect of 
quarter factors but, at present, we have no alternative. However, we do not think that the 
final interpretation of results will be compromised, since these factors are generally 
balanced between treatment groups. For Instance, rear quarters cure less than fore 
quarters (30 % vs 45 %) but the proportion of rear quarters In all treatment groups varied 
between 30 and 40%. 
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4) Comparison of efficacy between treatments 

To compare the efficacy between treatments adjusting for tlie above mentioned factors, the 
odds ratio is calculated. These adjusted odds ratios compare tiie chance of curing between 
two treatments, ^1 other confounding factors being held constant. 
For instance if the odds ratio between treatments A and B is 3 it means ttiat cows treated 
with A are three times more likely to cure than those treated with B. A 95 % confidence 
interval for the odds ratio is computed. Treatments are statista'cally different when tiie 95 % 
confidence interval does not include 1 . 

5) Teat dipping and mastitis prophylaxis 

Teat dipping is one of tfie most frequently used and most effective measures talten to 
prevent mastitis in dairy cows. This widely practiced procedure involves dipping tiie 4 teat of 
every cow, after every milking, in an antibacterial solution. This procedure leaves a coating 
of antibacterial substances on the teat surface and a droplet of this substance collects at 
the dependent part of the teat over tiie teat orifice. After milking a droplet of milk often 
covers tiie teat orifice and is a good medium for bacterial growtti. From ttiis position bacteria 
can readily penetiBte the streak canal. Teat dipping provides pnatection against these 
possibilities. 

In some herds.teats are dipped before milking to kill off any pathogens resident on the teat 
surface before tiie milling machine is applied. To be useful as a pre-milking teat dip, agents 
need to be non-toxic and non-dismptlve to cheese and yoghurt manufacture. 

Products cunrently used for teat dipping contain a variety of different active ingredients such 
as iodophors. chlorhexidiene and the lanthionine containing peptide, nisin. 
hyicin M51 and its phamiaceutically acceptable acid additional salts are very suitable for 
use in teat dips because of their rapid killing effect and preferential activity against major 
mastitis pathogens. Rapid killing gives a special application as an agent for pre-dipping. 

6) Teat dip protocol 

To evaluate the potential of hyicin M51 and its phannaceutically acceptable acid addition 
salts as prophylactic agents in bovine mastita's, the following experimental protocol can be 
used. 
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Experimental animals: 50 cattle are recruited according to the protocol already described for 
trials of hyicin M51 In therapy of subclinical staphylococcal mastitis. This trial then proceeds 
according to protocol recognised by the US National Mastitis Council (NMC) (Hogan et al. 
1990) for testing efficacy of teat gennicides during experimental exposure. 

Throughout the trial period al! teats are dipped in a challenge bacterial suspension 
containing 15x10^Streptococcus aureus and 5x10^ Streptococcus agalactiae after the 
evening milking on week days. Challenge suspensions are prepared daily from stock 
solutions that are made up weekly. Aliquots of challenge solution are plated each day to 
determine the real bacterial concentration present at the time of challenge. 

After each milking the left fore and right hind quarters are dipped in the test preparation of 
gemiicide, the other two teats remain as negative controls and are not dipped. Routine 
foremilk samples of ail quarters are taken twice per week throughout the trial, for 
bacteriological examination. Any quarter, from which either challenge organism is isolated, 
is resampled within 48 hour^ of the original sample. If the same organism is isolated then 
the quarter is considered infected. Similariy an episode of clinical mastitis caused by either 
challenge organism is considered as a new intramammary infection (IMI). 

At the end of the trial period the number of new intramammary infection between treatment 
groups is compared. 

7) Hvlctn M51 In Cheese and Yoghurt 

To evaluate the potential effects of hyicin M51 or its phamfiaceutically acceptable acid 
addition salts on strains of bacteria used in cheese and yoghurt manufacture the following 
experiments can be perfomned. 

7.1 Evaluation of kinetics of reaction of Delvotest P In milk from Quarters treated with Hvicin 
M51 or its phamiaceuticallv acceptable acid addition salts 

Background infonnation: Delvotest P is a commercially available, widely used, kit for 
detection of antimicrobial agents in milk. It relies on inhibition of the growth of Bacillus 
stearothennophilus. The indicator bacteria are suspended in an agar plug in a plastic test 
tube together with a pH indicator. Growth of bacteria results in acid production and colour 
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change. In the presence of inhibiting substances the bacteria do not grow and there is no 
colour change. Bacillus stearothennophiius is a good representative of bacteria used in 
cheese and yoghurt manufacture and hence It is widely used as the indicator strain in 
antibiotic residue detection. 

Experimental method: This experiment is perfonned at the same time and on the same 
animals, as the efficacy trials. During the period following administration of various 
treatments samples are taken at moming and evening milkings. These samples are 
evaluated using Delvotest P as directed in the manufacturers instructions. This twice daily 
sampling goes on until all treated quarters show a negative response. In this way ttie 
duration of elimination of the antibacterial agent can be established. 



7.2 Evaluation of effects Of varibus coneantratlo ns of Hvicin M51 or its pharmaceutieallv 
acceptable acid addition salts on addifleation of milk b v cheese starter bacteria 

In cheese and yoghurt manufacture different strains of bacteria are femnented in milk and 
one of the most important and immediate changes resulting from this fermentation is acid 
production. This acid is responsible for the control of secondary bacterial growth that could 
cause spoilage of the product or worse, illness in the consumer. Furttier fennentation of the 
lactic acid producing bacterial population produces changes in the cheese that vary with the 
strains of tiie bacteria used and the manufacturing metiiods. These factors are responsible 
for the physical characteristics and ttie flavour of different cheeses. 

Acidification is the first and most important step In tiie manufacturing processes when milk 
is fermented. If acidification proceeds nomially then it is very likely tiiat all other steps will be 
nomial. Therefore one can investigate the ability of different concentrations of hyicin M51 or 
its pharmaceuticaliy acceptable acid addition salts on the Wnetics of acidification of milk by 
different bacterial strains used in these manufacturing processes. 

Protocol: Experiments are routinely performed using one of the following three strains of 
bacteria: 

Sti'eptococcus tiiennophilus 
Lactobacillus bulgaricus 
Lactobacillus lactis - diacetylactis 
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Preparation of stock cultures: Lyophylised cultures as used in commercial conditions are 
obtained from Rudolf WIHwer, CH-5002 Rombach. Aarau, Switzerland. These cultures are 
reconstituted according to the manufacturers Instmctions and reactivated by passage three 
times in sterile skimmed milk. Each passage is Incubated for 16 - 18 hours at the optimum 
temperature for each bacterial strain. 

The culture obtained after the third passage is diluted to 2% with whole sterile (UHT) milk, 
split into aiiquots in 10ml tubes and frozen at -20" C for use in experiments. 

Preparation of experimental culture: The stock cultures prepared above are thawed at 40° 
C. then incubated overnight at 37° C, and used to Inoculate test samples at a concentration 
of 2% in whole sterile (UHT) milk. 

Preparation of test samples: The antimicrobial agent under test (hyioin M51 or one of Its 
pharmaceutically acceptable acid addition salts) is diluted in sterile (UHT) whole milk over 
the required dilution range. These samples are then inoculated with 2% by volume of the 
experimental culture of the strain of bacteria being tested. The samples are then mixed and 
incubated at optimal temperature for the bacterial strain under evaluation. The pH is 
measured each two hours for a period of eight hours and then at 18 hours after inoculation. 
The rate of acidification of milk containing different concentrations of active ingredients can 
then be compared to the rate without any active ingredient. 

The invention now being fully described It will be apparent to one of ordinary skill in the art. 
that many changes and modifications can be made thereto without departing from the spirit 
or scope of the appended claims. 



DEPOSIT 



Strain Accession Number 



Staphylococojs hyicus ee4 



DSMg547 
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SEQUENCE LISTING 



(1) GENERAL IMFQBMATIQN: 

(i) APPLIOaJT: 

(A) NftME: CIBA-GEIGy AG 

(B) STREET: Kli4)eckstr. 141 

(C) CITY: Basel 

(E) COONTRY: l-satzerland 

(F) POSTAL CODE (ZIP) : 4002 

(G) TELEPHONE: +41 61 69 11 11 

(H) TELEFAX: + 41 61 696 79 76 

(I) TELEX: 962 991 

(ii) TITLE OF INVE^3TI0N: Antimicrobial Cratpound 
(iii) NUMBER OF SEQUENCES: 4 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Flc^y disk 

(B) OaiPOTER: Jm PC ccjnpatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTMARE: Pateitin Release #1.0, Version #1.25 (EPO) 



(2) INFOHXIATION FOR SEQ ID NO: 1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 144 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 1: 
ATGGAAAAAA TTCTTGATTT AGATGTACAA GTAAAGCGCA AAAAGGAATC AAATGATTCA 
TCTGGBGATG AACGTAITAC AAGTTTCTCA TTGIGTflCTC CTGGTrQOGC TAAAACTGGT 
AGCTTCAATA GTTATTGTTG TTAA 
(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 



60 
120 
144 
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(C) STRRHDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOIECOIE TXPE: DNA (genomic) 
(iii) HYPOTHETICftL: NO 
(iii) ANTI-SENSE: W 

(xi) SEQDENCB QESCRIFnON: SEQ ID NO: 2: 
CTTTTTGATC TTGaiCGTTAA AST 
(2) INFORMATION FOR SEQ ID HO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGy: linear 

(ii) MOLEailE TXPE: DNA (genondc) 
(iii) HYPOTHETICAL: NO 
(iii) ANTI-SENSE: NO 

(xi) SEQOENCE DESCRIPTION: SEQ ID NO: 3: 
CCAATTTAAT TCTTTTGAftT T 
(2) INFOE^IATION FOR ID NO: 4: 

(i) SEQOENCE CHARACTERISTICS: 

(A) LENGTH: 47 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: linear 

(ii) MOLECULE TXPE: peptide 

(iii) HYPOTHETICAL: NO 

(iii) ANTI-SENSE: NO 

(v) Fiy\GMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
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Met Glu Lys lie Leu Asp Leu Asp Val Gin Val Lys Ala Gin Lys Glu 
15 10 15 

Ser Asn Asp Ser Ser Gly Asp Glu Arg He Thr Ser Phe Ser Leu Cys 
20 25 30 

Thr Pro Gly Cys Ala Lys Thr Gly Ser Phe Asn Ser Tyr Cys Cys 
35 40 45 
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What we claim is: 

1 . A lanthionine-containing antimicrobial peptide obtainable from the culture medium of 
tiie bacterial strain Staphylococcus hyicus strain 664, or a pharmaceuticalty 
acceptable add addition salt thereof. 

2. The peptide according to claim 1 or a pharmaceutically acde|3table acid addition salt 
thereof having the molecular weight of about 21 19 ± 2 button. 

3. The peptide according to claim 1 or a phamiaceutically acceptable acid addition salt 
thereof, which upon cleavage by trypsin yields two peptides of about 1256 ± 2 Dalton 
and about 881 ±2 Dalton, respectively. 

4. The peptide according to claim 1 or a pharmaceutically acceptable acid addition salt 
thereof having an unusual amino acid at position 2 of the peptide chain. 

5. The peptide according to claim 1 having the structure 



CH2 



S 



CH2 



H - He - Xaa'- NH -CH - CO - Phe - W- Leu - NH -CH - CO - NH 
-D- -L- 



CHa 



CH 



s 



•CHa 



I CH - CO - Pro - Gly - NH - CH - CO - Ala - Lys - Xaa' - Gly- 




'3 




I NH - CH - CO - Phe - Asn - NH - CH - CO-Tyr- NH - CH - CO - NH - CH 

I II 
CH2 S CH 



wherein Xaa\ Xaa^ and Xaa' can be any amino acid with the proviso, that the 
molecular wheight of the complete peptide is 2119 ± 2 Dalton. 
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6. The peptide according to ciaim 5, wherein Xaa^ and Xaa° are 2,3-Dldehydrobutyrin 
(Dhb), and Xaa^ is 2,3-Dldehydroaianine (Dha). 

7. The peptide according to claim 1 or a phamiaceutically acceptabie acid addition salt 
thereof showing antimicrobial activity against a bacterial strain selected from the 
group consisting of Staphylococcus aureus V557, Staphylococcus aureus Newbould 
305. Streptococcus uberis. Streptococcus faecalis, Pasteurella haemolytica. Listeria 
innocua. Bacillus cereus. Micrococcus luteus, and Leuconostoc mesenteroides. 

8. The peptide according to claim 7 or a pharmaceutically acceptabie acid addition salt 
thereof having a Minimal Inhibitory Concentration (MIC) in milk of 0.01 g/ml to 
100 g/ml. 

9. The native peptide according to ciaim 1 or a pharmaceutically acceptabie acid 
addition salt thereof. 

10. The peptide according to claim 1 or a pharmaceutically acceptable acid addition salt 
thereof, which is of synthetic or recombinant origin, or is a mutein thereof. 

1 1 . The peptide according to ciaim 1 , which peptide is obtainable by 

(a) growing a culture of the bacterial strain Staphylococcus hyicus strain 664 in a 
medium and for a time period appropriate to produce a peptide according to 
claimi , 

(b) purifying the peptide from the culture medium applying conventional techniques 
of protein purification, and 

(c) drying the active fractions. 

12. The peptide according to claim 11, wherein the step of growing Staphylococcus 
hyicus strain 664 is done in BHI medium. 

13. The peptide according to claim 1 1 , wherein the step of purifying involves * 

(a) heat-inactivation of the bacteria and adjusting the pH to 4.9 using 3M HCi; 

(b) adsorption of protein to XAD-7 Amberiite chromatographic column material and 
washing of the resin with water and 20mM Na-citrate pH4.0 containing up to 
20% isopropanol; 
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(c) elutlon of the peptide from the XAD-7 Amberlite using 20mM Na-citrate pH4.0 
containing 30% isopropanol; 

(d) adsorption of protein to SP Sepharose Fast Row chromatographic column 
material and washing of the resin with 0.01 M HCl containing 30% methanol; 

(e) elution of the peptide from SP Sepharose Fast Flow using 0.01 M HCl containing 
30% methanol and 0.3M NaCI; 

(f) adsorption of protein to XAD-7 Amberlite chromatographic column material and 
washing of the resin with 0.01 M HCl; 

(g) elution of the peptide from the XAD-7 Amberlite using 0.01 M HCl containing 
50% isopropanol. 

14. The peptide according to claim 1 1 , wherein the step of drying Involves lyophillsation of 
the active fractions. 

15. An antimicrobial composition comprising In addition to a suitable carrier an 
antimicrobially effective amount of a peptide or a phamnaceutlcally acceptable acid' 
addition salt thereof according to claim 1. 

16. A pharmaceutical composition comprising in addition to a suitable carrier a 
phamiaceutlcally effective amount of a peptide according to claim 1 or a 
phamiaceutically acceptable acid addition salt thereof. 

1 7. A phamnaceutical composition according to claim 1 6 for the treatmertt or prevention of 
mastitis in mammals. 

18. A nucleic acid molecule comprising a nucleotide sequence encoding the animicrobial 
peptide according to claims 1-14. 

19. A DNA molecule according to claim 18. 



A RNA molecule according to claim 18. 
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21 . A DNA molecule according to claim 1 9 comprising tlie nucleotide sequence 

ATG GAA AAA ATT CTT GAT TTA GAT GTA CAA GTA AAG CGC AAA AAG GAA 
TCA AAT GAT TCA TCT GGA GAT GAA CGT ATT ACA AGT TTC TCA TTG TGT 
ACT CCT GGT TGC GCT AAA ACT GGT AGC TTC AAT AGT TAT TGT TGT TAA 

22. A RNA molecule according to claim 20 comprising tlie nucleotide sequence 

AUG GAA AAA AUU CUU GAU UUA GAU GUA CAA GUA AAG CGC AAA AAG GAA 
UCA AAU GAU UCA UCU GGA GAU GAA CGU AUU ACA AGU UUC UCA UUG UGU 
ACU ecu GGU UGC GCU AAA ACU GGU AGC UUC AAU AGU UAU UGU UGU UAA 

23. A method of treating or preventing mastitis in a mammal comprising administering to 
said mammal a pharamaceutically effective amount of a peptide according to claim 1 
or a pharmaceuticaliy acceptable acid addition salt thereof. 

24. Tlie method according to claim 23 wherein the peptide is of native, recombinant or 
synthetic origin, or is a mutein thereof exhibiting activity against mastitis in a mammal. 

25. The method according to claim 23 or 24, wherein said mammal is a cow. goat or ewe. 

26. The method according to claim 23. wherein the peptide is administered via 
intramammary injection or by dipping the teat. 

27. The method according to claim 23, wherein the peptide is administered via 
intramammary injection during the prepartum period. 

28. The method according to claim 23, wherein the peptide is administered via 
intramammary injection during the postpartum period. 

29. A method of preventing mastitis in a cow comprising intramammary injection of a 
phamiaceutically effective amount of a peptide according to claim 1 prior to infection. 
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30. A method of treating mastitis in a cow comprising intramammary injection of a 
pharmaceuticaliy effective amount of a peptide according to claim 1 after onset of 
infection. 

31 . A metfiod of preparing a peptide according to claim 1 comprising 

(a) growing a culture of the bacterial strain Staphylococcus hyicus strain 664 In a 
medium and for a time period appropriate to produce a peptide according to 
clalml, 

<b) purifying the peptide from the culture medium applying conventional techniques 

of protein purification, and 
(c) drying the active fractions. 

32. A method according to claim 26, wherein the step of purifying involves consecutive 
steps of column chromatography. 

33. A method of preparing a composition according to claim 16 or 1 7 comprising mixing a 
compound according to clalml with a suitable carrier. 

34. A method for producing a peptide according to claim 1 or a pharmaceuticaliy 
acceptable acid addition salt thereof which is to be used for treating or preventing 
mastitis In a mammal. 

35. A method of producing a nucleic acid molecule according to claims 18 to 22 
comprising 

(a) construction of a genomic library of Staphylococcus hyicus strain 664 In a 
microorganism; 

(b) screening of said libary for sequences homologous to the structural gene of 
galiidermin; 

(c) Identification of a clone comprising ttie stmctural gene of hyicin M51 ; and 

(d) purificiation of the nucleig acid molecule frorn the clone identified.*^ 

36. A method according to claim 35. wherein tiie library Is constructed in E.coll. 

37. Use of a peptide according to claim 1 to treat or prevent mastitis In a mammal. 
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38. Use Of a composition according to claim 16 or 17 to treat or prevent mastitis in a 
mammal. 

39. Use of a peptide according to claim 1 or 2 or a pi^annaceutically acceptable acid 
addition salt thereof to prepare a drug for treating or preventing mastitis in a mammal. 

40. Use according to claim 39, wherein the dmg is a pharmaceutical composition for teat 
dipping. 

41 . Use of a nucleic acid molecule according to claim 18 to produce a peptide according 
to claim 1 . 
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